Objective: In this study, we attempted to analyze the incidence and outcomes of systemic and coronary stent embolizations during percutaneous coronary interventions and have described the treatment and retrieval methods used. Methods: We retrospectively studied 24,038 consecutive coronary angiography procedures carried out at The Baskent University Adana Hospital from 1998 to present to determine the total number of stent embolization events.
THE development of stents was driven by the need to improve the efficacy of balloon angioplasty procedures. The advent of coronary stents established an important turning point in percutaneous coronary interventions (PCI) . Stent procedures have outnumbered balloon angioplasty in recent years, but have created specific concerns for operators in the catheterization laboratory. 1) Stent embolization (SE) is a rare complication of coronary stenting. The incidence varies between 0.32-8.3%. 2) Systemic and coronary embolizations are the consequences of stent dislodgement and can lead to serious complications such as acute closure of the affected vessel, coronary thrombosis, and myocardial infarction. In recent years, the incidence has reportedly decreased, probably due to advances in equipment design and worldwide utilization of premounted stents. 3) However, the problem still exists and is complex. The aims of the present study were to analyze the incidence and consequences of coronary and systemic embolizations during PCI and describe the treatment and retrieval methods used.
METHODS
We retrospectively surveyed 4,797 consecutive coronary stent procedures, including the usage of bare-metal stents (BMS) and drug-eluting stents (DES), performed at Baskent University Adana Hospital between 1998 and 2006.
The decision to proceed with stent deployment during PCI and the choice of stent were at the discretion of the operator. Stent implantation was performed using standard percutaneous techniques and commonly 5, 6, or 7 Fr guide catheters via a femoral, brachial, or radial artery. The angiographic severity of coronary artery stenosis was assessed visually using at least 2 orthogonal views. Coronary artery disease was defined as the presence of a ≥ 70% lesion in one of the 3 major coronary arteries or their major branches. Lesions were classified according to the modified AHA/ACC lesion classification scheme. 4) Decisions concerning how to manage stent dislodgement and embolization were made by each operator. The methods used to retrieve the embolized stents were as follows: dence intervals for event rates were calculated using the one-sample t test. Values of P < 0.05 were considered significant.
RESULTS
The total number of embolized stents was 14 in 14 patients among 4797 consecutive stent procedures (0.29%; 95% CI = 0.14-0.44%, P < 0.0001). There were 11 (78%) men and 3 (22%) women. The mean patient age was 61 ± All stents were BMS and balloon-mounted. There were no premounted stents. To date, coronary or systemic stent embolization with DES has not been reported in our catheterization laboratory. Seven of 14 (50%) cases were reported as coronary embolizations and 7 (50%) were systemic embolizations. Coronary embolization was seen 3 times in the LAD, 2 in the Cx, and 2 in the RCA. All coronary stent embolizations were discovered just after the attempted deployment and predilatation was not performed. During withdrawal of the stent delivery system and after an unsuccessful delivery, no stent embolizations were noted. Most lesions were type B lesions (65%) and no calcified lesions (type C) were noted (Table I) . Coronary angulation in Cx (2 cases) and RCA (1 case) and tortuosity in LAD (1 case) and RCA (1 case) were detected in 71% of the patients. Mean lesion diameter and length were 2.7 ± 0.3 mm and 17 ± 3 mm, respectively. Mean stent diameter and length were 2.8 ± 0.4 mm and 18 ± 4.0 mm, respectively. In eight (57%) cases, the diameter of the stent was 2.5 mm. In nine (64%) cases, the length was 20 mm and 21 mm (Table II) .
Treatment and retrieval methods in study patients included the following: Emergency cardiac bypass surgery due to hemodynamic deterioration (3 cases in LAD, 43%), advancing a low profile delivery balloon through the stent, inflating the balloon and deploying the stent at the lesion site (2 cases in Cx and 1 case in RCA, 43%), crushing the stent against the coronary wall using another stent (1 case in RCA, 14%), and loop snare (1 case in Cx, 14%, failed) (Table III) .
As shown in Table II , coronary stent embolization took place in the circumflex (Cx) and right coronary arteries (RCA) in 3 patients. Low profile delivery balloons (1.5 × 15 mm in size) were used to deploy embolized stents. Attempts were successful in all 3 cases. In one case, an embolized stent in the RCA was successfully crushed against the coronary artery wall using another stent. No patient in whom the stent was crushed or deployed in the coronary artery had a major cardiac complication. Stent dislodgement was seen in the left anterior descending artery (LAD) in 3 cases. In 2 of them, stent retrieval with snare and low profile delivery balloon methods failed. Both cases underwent emergency coronary artery bypass surgery due to jeopardized coronary flow by stent embolization. One patient had emergency cardiac surgery under cardio-pulmonary resuscitation due to hemodynamic deterioration.
In 7 patients, stent loss occurred at an unidentifiable location. No patient had bleeding requiring transfusion or the need for emergency vascular surgery. No imaging studies were performed to locate the stent, since all cases were asymptomatic during their clinical courses. No stent was trapped on the guiding catheter or stripped off during equipment retrieval. Overall, the clinical course was uneventful in all cases during 2-week hospitalization. After discharge, patients who had systemic embolization had an uneventful 6-month follow-up period. Factors influencing deployment and retrieval eligibility: Factors that influenced retrieval eligibility included target vessel, angulation, type of lesion, tortuosity, and lesion location. Patients with stent embolizations in the LAD were ineligible for retrieval due to hemodynamic deterioration. Patients who were eligible for retrieval were more likely to have disease in the proximal and mid Cx or RCA, whereas patients who were ineligible for retrieval had proximal LAD disease.
DISCUSSION
The present study demonstrates that coronary and systemic stent embolizations have very low frequencies in our catheterization laboratory. However, despite the infrequent incidences, the consequences are severe, sometimes fatal, and operators are generally not familiar with the situation. 2) Adequate delivery and placement of coronary stents not only require proficient handling, but are also dependent on various properties. Flexibility, structure, shape, and radial strength affect the durability and deliverability of stents. Hand-mounted stents and coil stents have a greater tendency to dislodge than manually-crimped stents because they adhere less to the balloon surface. Manually-crimped stents are reported to have a higher incidence of stent loss than that of premounted stents. 3) Stent visibility is also important in delivery and retrieval procedures. 5) Composite metals (nitinol, stainless steel, cobalt chromium) have an effect on flexibility. Cobalt chromium is more radiopaque and durable than stainless steel. 6, 7) Stents with a point symmetric link configuration (S-, N-and modified W-shaped link) have high flexibility. Low flexibility results from interference between the struts at the compressive side. 8) No previous report has stated that the use of BMS or DES makes a difference. Even though DES usage was low in our study, no incidences were reported when DES was used. Whether operators are more prone to conduct predilatation prior to deployment of DES is open to debate.
It is well-known that direct stenting may be associated with a higher risk of stent embolization, presumably due to the increased resistance to stent advancement through the lesion. The type of coronary lesion also affects the success of stent deployment. In addition to procedural and coronary risk factors, coronary embolization depends on coronary anatomy as well, which facilitates stent placement and determines the outcome of stent dislodgement. Angulated coronary arteries may cause difficulties during stent procedures. 9) Retrieval and deployment methods can be applied depending on the clinical course. The most important factor precluding the use of a retrieval technique was hemodynamic deterioration. Patients are usually urged to undergo emergency cardiac surgery. An alternative method, crushing the stent against the arterial wall with another stent, may also be considered if deployment with LPDB fails. However, the safety of the crushing technique has to be confirmed. Coronary rupture can be a severe complication. Guardwires, which are used for the prevention of distal embolization of atheromatous or thrombotic particles, can be used for successful retrieval procedures. 10) Systemic embolization is noticed when the stent is not visible on the delivery balloon or in the coronary artery. Localization is assumed according to symptoms (cerebrovascular accident, claudication). Systemic embolization is generally described to be free of significant events and has a benign clinical course. Therefore, further treatment can be negligible, unless the patient is asymptomatic. 11) An uneventful course might be due to stent size. 12) Cerebrovascular accidents and claudication due to embolization in a femoral artery can also be seen as a consequence. Embolized stents may even move into a small arterial branch. If all retrieval efforts and treatment methods fail, surgical removal can be performed in symptomatic patients. 13) Prevention method: It is noteworthy that most stent embolizations were observed specifically in angulated, calcified, tortuous lesions. Although we did not detect type C lesions in our study, previous studies have demonstrated that most lesions were type C lesions. In culprit lesions with the above features, the use of a direct stenting method should be avoided. Predilatation can be performed first. Maximal attention is vital during stent deployment to long lesions. Stents should not be contacted directly during delivery as removal may damage the stent Vol 48 No 2 and lead to stent embolization. Special care must be taken not to handle or in any way disrupt the stent on the balloon. Preinflation of the balloon prior to stent deployment should be avoided. When treating multiple lesions, the distal lesion should be initially stented, followed by stenting of the proximal lesion. Stenting in this order obviates the need to cross the proximal stent in placement of the distal stent and reduces the chances for dislodging the proximal stent. The stent should not be expanded if it is not properly positioned in the vessel. Retracting an unexpanded stent into the guiding catheter can remove it from the delivery balloon. Subsequent movement in and out through the distal end of the guiding catheter should not be performed, as the stent may be damaged when retracting the undeployed stent back into the guiding catheter. Should any resistance be felt at any time during withdrawal of the system, the entire system should be removed as a single unit. Conclusions: Systemic and coronary embolizations of stents during PCI are rare and their outcomes are sometimes severe. Predilatation of the coronary lesion with an appropriately sized balloon may help to prevent stent embolizations. Consequences can lead to prompt cardiac bypass surgery when the retrieval or deployment method fails. Deployment of the embolized stent with a low profile delivery balloon or crushing technique may be an alternative to retrieval and should be attempted with caution. We think that routine application of retrieval devices during stent embolizations would be limited by the condition of the patient and vessel-specific and lesion-specific characteristics.
